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(57) Abstract 

Exchanging asparaginc in ihc A2I position of insul.n into another ammo acid gives novel insulin dernative. v.h. -h 
are more stable and less immunogenic than the parent compound. The insulin derivatives ^L L T ^7*''*'*'''" 
dation of a biosynthetic precursor which may be expressed m a host org" nism s^^^^^^ ^"^''^'^ nan.pepii- 
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NOVEL INSULIN UKiiii. 

IVATtVES 



TECHNICAL FIELD 



10 



30 



derivatives having v, "^^"^^O" relates to novel insulin 

their preparatio,, ^'"'^'^^^e^ Properties, to methods for 

novel insulin dai. . ^° Preparations containinc such 

^' ^v^tlves. 

BACKGROUND OF TH I h . 

'"is INVENTION 



varieties of inisu I i^^**^^*"^"^ °^ diabetes rr.ellitus, T.any 
used. Even thouali . ^"^^P^rat ions have been sugcested a: 



steadily been invi^n^. insulin preparations have 

still a need for . <^uring the insulin era, there is 

properties. Preparations with improved 

Acidic » 

15 earlier, both *^^^^ns of insulin have been used 

with protamine ^^mg preparations and together 

However, under Qr.^ij^j, -^^nc as long-acting preparations, 
stability of in^uiif/^*^^ circumstances the chemical 
formation of <3o t**,,,! i ^ values below 4.5 is low, as 

20 23n ( 1962), 3405 , ^ '^su i i ns (Sundby, F., J . B lol . Cherr. . 
al.. Diabetes jj (I'^fiB^^ ^""^ <^ovalent dimers (Sterner et 
range 4.5 - 6.5, , " 736) takes place. In the pH 

Obtain soluble short Precipitates. Hence, m order to 

addition of bloo.j^pj^ "^^^ting insulin preparations (by the 
25 insulin Pr eparo t Lr.,,^^^^ ^^nhancing agents) and long-acting 
zincy an insulin t4t:qbl^^ addition of protamine and/or 

One objo^j. ^ low pH would be desirable, 

in. ilin der ivat 1 voi, ^^is invention is to provide 

A secQiwi in^proved properties, 

solutions of inyiii^i^ this invention is to provide 

stability. '^"^^ivat ives having an improved 
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A third object of this mver.tior. is to provide 
preparations of insulin derivatives with low or with no 
inwiunogenic activity. 

A fourth object of this invention is to provide 
insulin preparations which are soluble at pH values fro.T 
about 2.0 to about 8.0. preferably fron about 2.0 to abou' 
4.5 and from about 6.5 to about 8.0. 

A fifth object of this invention is to provide 
solutions of insulin derivatives having an improved 
stability at pH values of about 3-4. 

A sixth object of this invention is to provide 
long-acting solutions of insulin derivatives. 



STATEMENT OF THIS INVENTION 



15 



The present invention relates to human, porcine, 
rabbit and des(B30) insulin wherein the A21 ammo acid has 
been substituted by Ala, Gin, Glu, Gly, His, He, Leu, 
Met, Phe. Ser, Thr, Trp, Tyr. Val or hSer. 

Such compounds can be designated by the general 

formula I 
20 INSUL-A21 



' I ) 

B30 



25 



30 



wherein INSUL represents des ( A2 3 ) , des ( B30 ) human insulin 
and A21 represents one of the amino acids Ala, Gin, Glu. 
Gly. His. He, Leu. Met, Phe. Ser. Thr. Trp. Tyr, Val or 
hSer connected to Cys'^^O ^^^^^^ represents 
hydrogen or one of the amino acids Ser. Ala or Thr 
connected to Lys°^' m INSUL. 

It IS known that during tne acidic ethanol 
extraction of mammalian insulins many dimers are formel 
(Stemer) and. furthermore, monodesamidoinsu 1 ms are 
formed under acid conditions (Sundby). 
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It has now, surprisingly, oeen found tnar: the 

forroation of such undesired dirners is substantially 

reduced or almost eliminated wher. the insulin conpour.d 

used is one of the above insulin derivatives wherein 
A2 1 

5 Asn has been exchanged with one of the above-mont loned 
amino acids. This substitution also eliminates the 
formation of monodesamido insulins. 

The novel insulin derivatives have the following 
advantages : 

10 1) The formation of the immunogenic dimers, i.e. 

covalently linked insulin molecules linked either through 
the two A-chains, ( AA ) dimer, or through one A-cnam and 
one B-chain, (AB) dimer, (Helbig, Deutsche 
Wol If orschungsmst 1 tut , dissertation, 1976) is 

15 substantially eliminated (a chromatographic fraction of 
crude porcine insulin, the b-component, containing the 
dimers was shown to be immunogenic in rabbits 
( Schlichtkrul 1 et al , , Horm .Met ab . Res . Suppl. 5 (1974), 
134 - 143) ) • 

20 2) The stability of the novel insulin 

derivatives is so high that it will probably be possible 
to store preparations containing these novel insulin 
derivatives at room temperature for a long period of time. 
This will be a ma^or advantage for the patient. 

25 3) It will be possible to prepare dissolved 

preparations containing the novel insulin derivatives at 
pH values from about 2 to about 8, preferably m the range 
from about 2 to about 4.5 and above 6.5. 

4) It will be possible to prepare preparations 
30 containing the novel insulin derivatives which, at pH 

values of about 3, have a substantially improved chemical 
stabil i ty . 

5) In the pH range of about 3-4, which is 
inappropriate for mammalian insulin because of chemical 

35 instability, useful solutions of insulin derivatives can 
be made in the presence of magnesium ions m 
concentrations of about 0,005 M to 0 . 5 M. 
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6) It Will be possible to prepare soluole. 
rapidly acting preparations containing the novel ir.s 
derivatives by the addition of compounds which enhance tne 
absorpt ion . 

7) It will -be possible to prepare soluble, 
retarded preparations containing the novel insulin 
derivatives by the addition of zinc and/or protamine to 
acid solutions, i.e. solutions having a pH value m the 
range from about 2.5 to ad>out 4, 

8) It will be possible to prepare preparations 
containing the novel insulin derivatives having different 
profiles. 

Compounds of formula I may be prepared oy a 
transpept idation reaction m which a biosynthetic 
15 precursor compound having the general formula II 



INSUL-A21 

I 

X 



{ II ) 



wherein A21 is as defined above, and X is a bond, an ammo 
acid residue or a peptide residue bridging the carboxyl 
group of Lys to the ammo group of Gly^^, is reacted 
with an amino compound of the general formula III 



2-^^ (III) 

wherein 2 is Thr, Ala or Ser wherein any hydroxy group may 
25 be protected, and R is a carboxy protecting group (e.g. 
methyl or tert-butyl), using trypsin or a trypsm-like 
enzyme as a catalyst m a mixture of water and organic 
solvents analogously as described m US patent 
specification No. 4,343,898, whereafter the carboxy 
protecting group and any hydroxy protecting group is 
r moved. X may for example be a moiety of the formula IV 
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wherein 0 is a peptide chain with q amino acids, u is an 
integer from 0 to 33, K is Lys or Arq, and r is zero or 
one . 

5 Compounds of formula II may be prepared by a 

method similar to the method described in European patent 
application Nos . 163,529 and 214.826. By this method a 
DNA-sequence encoding a compound with the formula II is 
inserted into a suitable expression vector which, when 

10 transferred to a suitable yeast strain, is capable of 

expressing the desired compound with correctly positioned 
disulphide bridges. The product expressed is then isolated 
from the cells or the culture broth depending on whether 
it is secreted from the cells or not. 

15 At neutral pH , compounds of formula I have the 

same charge as human insulin. In solution, compounds of 
formula I may be present as hexamers. 

Examples of specific preferred compounds 
according to this invention are the following: Gly^^"^ 

20 human insulin, Ala^^*^ human insulin, Ser^^^ human insulin, 

Thr^^^ human insulin, hSer^^*^ human insulin, Gly^^^ 

porcine insulin, Ala^^"^ porcine insulin, Ser^^"^ porcine 

A21 

insulin and Thr porcine insulin. 

Insulin preparations of this invention can be 
25 prepared by dissolving a compound of formula I in an 

aqueous medium at slightly acidic conditions, for example, 
in a concentration of from about 240 to adjout 600 
nmole/ml . 

The aqueous medium can be made isotonic by the 
30 addition of sodium chloride, sodium acetate or glycerol. 

If a protracted preparation is required the 
above mentioned isotonic agents can in part or completely 
be replaced by a zinc salt or a mixture of zinc salts at a 
concentration of up to about 5 ^g Zn^^ per nmol of 
35 compound of formula I. 
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Fu rther, i:: has bee n found that many .71 a g r. s i u :t> 
salts have a solubilisinq effect on insj]in at pH values 
of from about 4 to about 6.2 and an enhancing effert on 
the absorption of insulin. Various mixtures ot ma:5:v-5ium 
5 salts have the same effect. It is, therefore, conr.-JeJ 
that the presence of magnesium 10ns at certain 
concentrations is a critical parameter for the soluoility 
of insulin at pH values of from about 4 to about 6.j and 
for the rate of absorption. The range of applicable 
10 magnesium ion concentration is from about 0.005 M to about 
0.5 M, preferably above 0.05 M. The upper limit is 
somewhat arbitrary being chosen from the assumption that 
in some cases (e.g. for intraperitoneal infusion) some 
overstepping of isotonicity may be acceptable. According 
15 to a preferred embodiment of this invention the 

preparations contain magnesium ions m a concentration of 
from about 0.08 M to about 0.3 M. 

It has furthermore been found that protracted - 
or further protracted - preparations of the insulin 
20 derivatives of this invention are obtained when protamine 
IS added to the above mentioned preparations, i.e. t.ne 
preparations containing no zinc ions and no magnesium 
ions, the preparations containing zinc 10ns and the 
preparations containing magnesium 10ns. The amount of 
25 protamine to be used is from about 5% to about 50%, 

preferably from aUDOut 3% to about 404, more preferred from 
about 10% to about 30% on the basis of insulin 
(weight /weight ) . 

Insulin preparations with enhanced absorption 
30 properties can also be obtained by the addition of 

arginine or lysine to an aqueous solution of the insulin. 
The preferred concentration of these amino acids is from 
about 0.01 M to about 0.2 M. 

The insulin preparations may further contain 
35 buffers such as acetate and citrate and preservatives such 
as phenol, m-cresol and methyl paraben. The pH of the 
solution is adjusted to the desired value and the insulin 
preparation is made sterile by sterile filtration. 
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Insulin solutions of this invention having a pH 
value in the range 3 - 6.2 may also be particularly useful 
for the purpose of infusion by means of pumps, because of 
a lacK of insulin precipitation caused by carbon dioxide 
5 diffusion through catheters. Such precipitation has been 
observed occasionally with neutral infusion solutions, and 
is Delieved to be attributable to the lowering of the pH 
value caused by carbon dioxide. 

The abbreviations used herein f r the amino acid 

10 residues are those stated in J.Biol.Chem. 243 (1968), 

3558. The amino acids stated herein are in L 

configuration. Within the context of this invention the 

term insulin when used in a pluralNor generic sense is 

intended to encompass both naturally occuring insulins and 

A2 1 

15 insulin derivatives. Gly human insulin is human insulin 

A2 1 

wherein Asn has been exchanged by Gly and similarly for 
similar names. 

The insulin preparations of this invention can 
be used in the treatment of diabetes. It is recommended 
20 that the dosage of the insulin preparations of this 

invention be selected by a physician similarly to the 
selection of the dosage of known insulin preparations for 
injection. 

Any novel feature or combination of features 
25 described herein is considered essential to this 
in vent ion . 



Example 1 

A2 1 

Preparation of Gly Human Insulin 
A2 1 

Gly human insulin was prepared by 
30 transpept idat ion of a compound which ac^^ording to formula 
II can be formulated as 
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INSUL-Gly 



A21 



Al a-Ala-Lys- 



wherein the terminal Ala of the bridging petide is linked 

B2 9 

5 to the carboxyl group of Lys and Lys is linked to the 

Al 

amino .Troup of Gly , with Thr-OMe (L-threonine 
methylester ) followed by hydrolysis of the ester group 
with aqueous sodium hydroxide • Thus 100 mg of the compound 
of formula V was dissolved in 0.5 ml of 10 M acetic acid 
10 and 1 ml of 2 M Thr-OMe in N,N-dimethylacetamide was 

added. The mixture was cooled to 12®C. 10 mg of trypsin 
dissolved in 0.2 ml of 0.05 M calcium acetate was added. 
After 48 hours at 12°C the proteins were precipitated by 

addition of 20 ml of acetone. The conversion of the 

A2 1 B 3 0 

15 starting material into Gly -(Thr-OMe) human insulin 

was 88% by HPLC. 

250 mg of Gly^^^ -( Thr-OMe ) ^-^^ human insulin was 

suspended in 25 ml of water and dissolved by the addition 

of 1 N sodium hydroxide solution to a pH value of 10.0. 

20 The pH value is kept constant at 10.0 for 24 hours at 

25°C- The insulin derivative formed was crystallized by 
the addition of 2 g of sodium chloride, 350 mg of sodium 
acetate trihydrate and 2.5 mg of zinc acetate dihydrate 
followed by the addition of 1 N hydrochloric acid to 

25 obtain a pH value of 5.52. After 24 hours at 4®C the 

crystallized material was isolated by centr if ugat ion 

washed with 3 ml of water, isolated by cent ri f ugat ion , and 

A2 1 

dried in vacuo . Yield: 210 mg of Gly human insulin. 

The compound of formula V was prepared by a 
30 method analogous to example 2 of European patent 
application No. 214.826. 
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Example 2 

Preparation of Injectable Solution of Compounds of Formula 
I 



15 ^imol of Gly human insulin containing 0.5% 
5 of zinc are dissolved in water (5 ml) containing 

hydrochloric acid (80 |il of 1 N) followed by the addition 
of an aqueous solution (10 ml) containing phenol (65 mg ) 
and glycerol (400 mg ) . The pH value of the solution is 
adjusted to 3.0 by means of a sodium hydroxide solution 
10 and the total volume is adjusted to 25 ml with water. The 
resulting solution is sterilized by filtration and 
subsequient ly transferred aseptically to vials (5 ml). 



Exatmple 3 

A2 1 

Soluble Preparation of Gly Human Insulin with 
15 Protracted Action 



15 pimol of Gly human insulin (zinc free) are 
dissolved in water (5 ml). To this solution is added 
hydrochloric acid (80 vil of 1 N) and zinc chloride (100 m1 
of 0.6 M) followed by the addition of an aqueous solution 

20 (15 ml) containing protamine sulphate (37 mg ) , m-cresol 
(50 mg) and sodium chloride (200 mg ) . The pH is adjusted 
to 3.5 with sodium hydroxide solution and the. total volume 
is adjusted to 25 ml with water. Finally, the solution is 
sterilized by filtration and transferred aseptically to 

25 sterile vials. 

The absorption profile after subcutaneous 
injection in pigs was found comparable to that of the well 
known insulin suspension Protaphane KM 100 lU/ml. 
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Example 4 

A2 1 

Soluble Preparation of Gly Human Insulin with Fast 
Action 

A2 1 

IS \imol of Gly human insulin (zinc free) are 
5 dissolved in water (10 ml). To this solution is added 
hydrochloric acid (40 ^ll of 1 N) and magnesium chloride 
(2.6 ml of 1 M) followed by the addition of an aqueous 
solution of benzyl alcohol (8 ml of 0.3 M) . The pH is 
adjusted to 5.7 with sodium hydroxide solution and the 
10 total volume is adjusted to 25 ml with water. Finally the 
solution is sterilized by filtration and transferred 
aseptically to sterile vials. 



Example 5 

A2 1 

Chemical Stability of Gly Human Insulin in Preparations 

A2 1 

15 Three preparations containing 0.24 mM of Gly 

human insulin (zinc free), 0.26% (w/v) of phenol and 1.6 % 
(w/v) of glycerol were prepared and their pH value 
adjusted to 3.0, 4.0, and 5.0, respectively. 

S€unples were analyzed after storage at 45*^0 for 

20 two weeks using human insulin preparations of the same 
composition as reference. 

Table 1 shows the content of insulin 
dimerization and polymerization products as determined by 
HPSEC (High Performance Size Exclusion Chromatography). 

25 Table 2 shows the content of insulin deamidation 

products determined by DISC PAGE (Poly Acrylamide Gel 
Electrophoresis) . 
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Table 1 



pH of Preparation 


Human Insulin 


A'' 1 

Gly " Human Insulin 


3 .0 


4 . 9% 


0.31% 


4 .0 


41.6% 


1 .Oi 


5 .0 


16.1% 


2.8% 


Dry Insulin 


0.29% 


0.05% 


Table 2 


pH of Preparation 


Human Insulin 


A2 1 

Gly Human Insulin 


3.0 


90% 


2% 


4 .0 


40% 


3% 


5.0 


3% 


4% 


Dry Insulin 


0.5% 


0.5% 



Example 6 

Biological Potency of Gly^^^ Human Insulin 

Investigation according to the British 
20 Pharmacopeia, 1980 edition, of the potency of Gly^^^ human 
insulin showed that this was approximately 85% of that of 
human insulin. Within the dose range relevant for 
therapeutic purposes no toxic manifestations were 
obse r ved . 
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Example 7 

A2 1 

Soluble Preparation of Gly Human Insulin with Further 
Protracted Action 



IS (amol of Gly himan insulin (zinc free) are 
5 dissolved in water (5 ml). To this solution is added 

hydrochloric acid {80 yxl of 1 N) and zinc chloride (100 pi 
of 0.6 M) followed by the addition of an aqueous solution 
(15 ml) containing protamine sulphate (37 mg ) , m-cresol 
(50 mg ) and magnesium chloride (200 mg ) . The pH is 
10 adjusted to 3.5 and the total volume is adjusted to 25 ml 
with water. Finally, the solution is sterilized by 
filtration and transferred aseptically to sterile vials. 

The absorption of this preparation after 
subcutaneous injection in pigs was found to be 
15 substantially slower than that of the well )cnown insulin 
suspension Protaphane»HM 100 lU/ml . 
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CLAIMS 

1. Insulin derivatives of the qeneral formuij I 
INSUL-A21 

I (I) 
S B30 

wherein INSUL represents de s ( A2 1 ) , des ( B30 } human insulin, 

characterized in that A21 represents one of the ammo 

acids Ala, Gin, Glu, Gly, His, lie. Leu, Met, Phe , Ser, 

Thr, Trp, Tyr, Val or hSer connected to Cys"^^^ m INSUL, 

10 and B30 represents hydrogen or one of the ammo acids Ser, 

B2 9 ' 
Ala or Thr connected to Lys in INSUL, and preferably 

A21 is different from Phe. 

2. Insulin derivatives according to Claim 1, 
wherein A21 represents Gly, Ala, Ser, Thr or hSer, and B30 

IS represents Ala or Thr. 

3. Preparation characterized in that it contains 
a compound of formula I stated in Claim 1 or 2 above with 
the definitions stated therein. 

4. Preparation according to Claim 3, 
20 characterized m that it is soluble. 

5. Preparation according to Claim 4, 
characterized in that it contc»ins a compound which 
enhances the absorption. 



25 



6. Preparation according to claim 5, 
characterized in that said compound is a magnesium salt. 
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7. Preparation according to claim 6, 
characterized in that it is a solution with a pH value in 
the range of about 3-4 and that it contains magnesium ions 
Pin a concentration of about 0.005 M to about 0.5 M which 
5 preparation preferably contains a compound of formula I 
wherein A21 is different from Gin, 



8. Preparation according to claim 5, 
characterized in that said compound is arginine or lysine. 

9, Preparation according to Claim 3, 4, 6, 7 or 8 
10 characterized in that it contains zinc ions and/or 
protamine. 

10. Preparation according to any one of the 
claims 3-9, characterized in that it has a pH value in the 
range of from about 2.0 to about 8, preferably from about 
15 2.5 to about 8. 



11. Preparation according to claim 10, 
characterized in that it has a pH value in the range of 
from about 2.5 to about 4.5 or from about 6.5 to about 
8.0. 



20 12, Method for the preparation of insulin 

derivatives according to claim 1, wherein a biosynthetic 
precursor compound having the general formula II 



25 



INSUL-A21 



( II ) 



wherein A21 is as defined in claim 1, and X is a bond, an 
amino acid residue or a peptide residue bridging the 
carboxyl group of Lys^^^ to the amino group of Gly^"^ , is 
reacted with an amino compound of the general formula III 
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2-OR (III, 

wherein 2 is Thr, Ala or Ser wherein any hydroxy group may 
be protected, and R is a carboxy protecting group, using 
trypsin or a trypsin-like enzyme as a catalyst in a 
5 mixture of water and organic solvents whereafter the 

carboxy protecting group and any hydroxy protecting group 
is removed. 

13. Method according to claim 12, wherein X is a 
moiety of the formula IV 

10 --Oq-JOr" fIV) 



wherein Q is a peptide chain with q amino acids, q is an 
integer from 0 to 33, K is Lys or Arg, and r is zero or 
one . 
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